A wavelength calibration of solar lines observed by the high resolution EUV Imaging Spectrometer (EIS) on the Hinode satellite is reported. Spectral features of the quiet sun and of two mildly active areas were measured and calibrated. A listing of the stronger observed lines with identification of the leading contributor ions is presented. 41 lines are reported, with 90% identified. Wavelength precisions (2 ) of˙0.0031Å for the EIS short band anḋ 0.0029Å for the EIS long band are obtained. These lines, typical of 1-2 10 6 K plasmas, are recommended as standards for the establishment of EIS wavelength scales. The temperature of EIS varies by about 1: ı 5 C around the orbit and also with spacecraft pointing. The correlation of these temperature changes with wavelength versus pixel number scale changes is reported.
Introduction
The Extreme Ultraviolet Imaging Spectrometer (EIS) on the Hinode (Kosugi et al. 2007 ) satellite is a high performance stigmatic instrument for observing the sun in the 170Å-210Å and 246Å-290Å regions (Korendyke et al. 2006; Culhane et al. 2007 ). The wavelength ranges were chosen because they contain a number of useful spectral lines for solar plasma diagnostics covering a range of temperatures from the upper transition region to that of solar flares. Two CCD detectors cover these two ranges with a nominal plate scale of 1 00 per pixel and a dispersion of 0.0223Å/pixel. EIS has four slits, 1 00 , 2 00 , 40 00 , and 266 00 in width. The 1 00 silt was selected for the present work. The excellent pointing stability (about 0
00
.4 min 1 at the 3 level) of the Hinode spacecraft combines with the instrument resolution to permit stigmatic imaging with high fidelity, fast cadence, and calibrated sensitivity (Lang et al. 2006) .
There are four CCD readout ports on EIS, each is 1024 columns wide and each has a different background level. In processing the spectrum, the minimum value (in data numbers, DN) was subtracted from the data from each readout port. The effects of hot pixels and cosmic rays were removed by passing the data through the SolarSoft CLEAN EXPOSURE routine (Freeland & Handy 1998) . This routine detects and removes data points that vary excessively from the average value of S866 C. M. Brown et al.
[Vol. 59, a box of surrounding pixels. For line spectra from the 1 00 slit, the box size was set to 1 7 pixels. A high pixel value in the center of the box is replaced by the average of the remaining pixels. To avoid degrading the spectral resolution, the box was kept to the minimum in the spectral dimension. Since cosmic rays can create isolated pixels with very high values, this step is essential to good measurements.
Observations
Spectral data for this calibration were recorded on 2006 November 4 during the commissioning of the EIS instrument on orbit. Spectra were obtained in a 600 s exposure and recorded on the two CCDs. The short wave (SW) band was mapped onto pixel columns numbered 0-2047 and the long wave (LW) band onto 2048-4095. The lower half (rows 0-511) of the CCD was selected, and three typical strips were averaged along the spectral line to produce the three spectra measured here. Figure 1 is a short section of this stigmatic spectrum showing the three regions selected for averaging. For the quiet sun (QS), an 80 00 region was selected, and for the two active areas (AR1, AR2), 20 00 regions were averaged. The selected rows for the three regions were each summed along columns and a spectrum of the average DN per pixel generated. These spectra were measured in pixel units using the GFit program (Engström 1998) to fit Gaussian shapes to the line profiles. The spectra were fitted in sections of about 50 to 70 columns (1Å-1.5Å) at a time, each containing several lines. For each line, the peak position (in pixels), line full-width at half-maximum (FWHM), and Gaussian area (in DN) were reported. The local apparent background was also fitted and subtracted. This background includes the noise, continuum, faint unresolved lines, and the far wings of the non-Gaussian components of stronger lines. Well exposed unblended lines had a Gaussian FWHM of approximately 0.06Å and those with areas larger than 200 DN have good precision. In the active regions, a few of the strongest lines were saturated in the 600 s exposure, but their wavelength precision is not noticeably affected. 
Standard Lines and Fitting
To establish a wavelength scale, standard lines measured as above having a normal line width and appearance were selected. The solar wavelengths from Behring et al. (1976) were matched to measured features and fitted by least squares to a second order polynomial. No improvement was gained by using higher order polynomials. Each CCD was fitted separately, and different strips (row numbers) could be fitted by adjusting the 0 value of the polynomial slightly .< 10 mÅ) to account for the small amount of slit tilt. The slit tilt is very small for EIS, but is appreciable if one uses the full height of the slit image. It arises from the practical impossibility of perfectly aligning the CCD columns with the slit image. The residual tilt is on the order of one pixel in 200 rows, but is effectively removed in our wavelength calibration by the least-squares fitting wherein each measured strip is fitted separately to the wavelength standards. Likewise, the effects of the orbital variation of the wavelengths with temperature (see below) are removed by our procedure.
It is important to note that the Behring et al. measurements are solar observations and not laboratory wavelengths. For some lines, their precision surpasses that of laboratory measurements. This can be attributed in part to the fact that the reference solar lines were measured in second order (LW CCD range) and third order (SW CCD range) against accurate standards in the first order (500Å-600Å).
We were able to slightly improve a few of the The polynomial dispersion functions fitted were of the form:
where x is the pixel column number of the line center. Table 1 summarizes the least squares coefficients and standard errors of the fitting process. Comparing the in-flight wavelength calibration with the pre-launch laboratory calibration (and accounting for the different pixel numbering schemes) shows a net shift of only 7-8 pixels in the spectra due to the combined effects of transportation, vibration testing, thermal-vacuum testing, and launch. The data for area AR2 are from CCD rows 269-288 (SW) and 256-275 (LW). coeff is the standard error of the coefficients 0 ,˛, andˇ.
fit is the standard error of the fit of the lines to the regression equations. for calibration. Using these calibrations and standards, wavelengths of unblended lines could be determined for EIS to˙0.002Å, permitting accurate velocity and Doppler shift determinations. Table 2 is a listing of the select standard lines as measured in AR2 along with their Gaussian fitted areas from QS and AR1. Identifications and reference wavelengths are from Behring et al., with minor adjustments as noted above.
Orbital Variation
For optimal solar viewing, Hinode is in a sun-synchronous polar orbit. The spacecraft is three-axis stabilized with its Y axis aligned approximately with the solar north direction and its Z axis sunward. EIS is mounted on the +Y side of Hinode. This means that the˙X and +Y facing external surfaces of EIS see alternately the warm ( 220 K) earth and the cold ( 4 K) deep space in phase with Hinode's orbital motion. This drives small cyclic temperature variations on the order of 1 ı -1: ı 5 C within EIS and associated wavelength variations at the CCD. For high precision wavelength determinations, these variations must be accounted for.
As an example of this variation, figure 3 is a plot of the Standard wavelengths and quality grades are from Behring et al. (1976) . The grade A =˙0.002Å, the grade B =˙0.004Å. B2X blended with 2nd order etc. Data given in italics are revised wavelengths and identifications.
Line is saturated in the AR 600 s exposure. Peak position is normal.
limb of the sun (see figure 5) . The orbital average centroid of the Fe XII 195Å feature drifted upwards by 0.2 pixel (0.0045Å), equivalent to 7 km s 1 in velocity. Long term variations in EIS temperature are caused by changes in Hinode pointing, EIS heater cycles, observational power consumption, and seasonal variations of the orbit.
A month long record of EIS grating temperatures is shown in figure 5 for 2006 December, which shows the cooling mentioned above. The individual orbit swings are enveloped in this figure. The drifts in the general temperature profile are related to the Hinode pointing. On December 6, Hinode began an observing campaign to track an active region from the east limb to the west limb of the sun. At the outset, a sharp drop of about 1:
ı 5 C was observed at the grating. Hinode continued 
Conclusions
EIS has proved itself to be a powerful, sensitive instrument for observing solar spectra in the difficult EUV region. It has unprecedented spatial, temporal, and spectral resolution in this range. Where line statistics permit, line centroids, and widths can be determined to 0.1 pixel or 0.002Å (2-4 km s 1 , depending on the wavelength). The connection of small wavelength shifts to small temperature changes in EIS around 1 hhttp://kurslab-atom.fysik.lth.se/Lars/Gfit/html/index.htmli. the orbit is normal and has been established. A select set of well determined spectral lines from EIS is presented for use as standards in wavelength calibrating EIS and tracking wavelength shifts during studies. Where the best wavelengths are required, it is recommended that several of the lines from table 2 from the same degree of ionization of the same atom or from ions with the same temperature of formation be included to allow the user to remove instrumental thermal shifts of wavelength.
Hinode is a Japanese mission developed and launched by ISAS/JAXA, with NAOJ as domestic partner and NASA and STFC (UK) as international partners. It is operated by these agencies in co-operation with ESA and NSC (Norway).
